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 Over the past two decades a positive effect on cognitive performance has 
consistently been identified following an acute bout of aerobic exercise. (Etnier, 
Salazar, Landers, Petruzzello, Han, & Nowell, 1997).    A limited number of studies 
have identified a similar positive effect following acute aerobic exercise in 
preadolescent samples (Ellemberg & St-Louise-Deschenes, 2010; Hillman, Pontifex, 
Raine, Castelli, Hall, & Kramer, 2009; Pesce, Crova, Cereatti, Casella, & Belluci, 2009; 
Tomporowski, 2003).   Resistance exercise within adult samples has also been 
associated with increases in cognitive performance (Chang & Etnier, 2008, 2009; 
Chang, Ku, Tomporowski, Chen, & Huang, 2012).  There is currently no existing 
research examining the effects an acute bout of resistance exercise has on the 
cognitive performance of a preadolescent sample.  A possible reason for this lack of 
research is the misconception that resistance exercise can have detrimental effects 
on the developing bodies of preadolescents.  These safety concerns have been 
deemed unnecessary as recent statements from both the American Academy of 
Pediatrics (AAP) and the American College of Sports Medicine (ACSM) have 
determined resistance exercise in preadolescence is safe and even beneficial to the 
bones, joints, and muscles of developing bodies.  The purpose of this research was to 
examine the effects an acute bout of resistance exercise has on cognitive 
performance by a preadolescent sample. 
 
 
 
 
 Participants were randomly assigned to one of two different treatment 
conditions (exercise or control) and completed two sessions measuring cognitive 
performance (pre-test and post-test).  Participants in each condition completed a 
number of cognitive tasks testing executive function and completed a 20 minute 
bout of resistance exercise.  Those in the exercise condition completed the cognitive 
tasks immediately after the resistance exercise.  Those in the control condition 
completed the cognitive tasks immediately before the resistance exercise. 
 Analyses revealed that for errors within the Stroop W condition, a measure 
of processing speed and inhibition, there was a significant difference between 
groups such that the exercise group had fewer errors at the post-test than the 
control group. There were no significant differences for task switching, problem 
solving, working memory, and visual attention between groups.  The results for this 
sample thus suggest that resistance exercise may have a clinically meaningful effect 
on aspects of processing speed and inhibition.
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CHAPTER I 
 
INTRODUCTION 
 
 
 Over the past two decades, a positive effect of exercise on cognitive performance 
has been established.  Etnier, Salazar, Landers, Petruzz llo, Han, and Nowell (1997) 
summarized the results of 134 studies in order to be ter understand how exercise can 
affect cognition throughout the life span.  It was determined that exercise has a positive 
effect on cognitive performance across all age ranges.  An effect size of ES = 0.16 was 
identified for studies testing the effects of acute ex rcise on cognitive performance.  
Lambourne and Tomporowski (2010) reviewed 40 studies that used a within-subjects 
design to focus on acute exercise and cognition and their results indicated that the overall 
mean effect was 0.20 for cognitive tasks following exercise.  It was determined that a 
significant positive effect is seen for cognitive tasks shortly following an acute bout of 
exercise, particularly in the domains of executive function.  Chang, Labban, Gapin, and 
Etnier (2012) statistically analyzed the results of 79 studies dealing specifically with 
acute exercise and cognition and identified an overall positive effect size of 
ES=0.097.Similar to the results identified by Lambourne and Tomporowski (2010), it 
was determined that the largest effects are observed wh n exercise intensity is moderate 
to high and when the exercise sessions lasts for atleas  20 minutes.  Tasks testing 
executive function were also shown to result in the highest effect size.  These studies
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show that following exercise a positive effect does exist on cognitive performance, 
though it should be noted that this research has been conducted primarily with adult 
samples and with aerobic exercise.    
A limited number of studies exist focusing on the eff cts exercise has on the 
cognitive performance of a preadolescent population.  Recently researchers have begun 
examining the effects of acute exercise on cognitive performance in children.  
Tomporowski (2003) conducted a narrative review of this literature.  Based upon findings 
from four studies, it was determined that acute exercis  has a positive effect on cognitive 
performance in normal functioning children. Since this narrative review, additional 
empirical studies continue to support a beneficial effect of acute aerobic exercise for the 
cognitive performance of children. Hillman, Pontifex, Raine, Castelli, Hall, and Kramer 
(2009) conducted a study identifying the effects an acute bout of aerobic exercise has on 
a preadolescent sample.  Twenty participants (M=9.5 years) walked on a treadmill for 20 
minutes at 60% of their previously determined maximal heart rate.  It was determined 
that following a moderate bout of aerobic exercise, participants performed significantly 
better on cognitive tasks testing cognitive control and reading.  Pesce, Crova, Cereatti, 
Casella, and Belluci (2009) conducted a study with the goal of identifying the effect both 
team training and individual aerobic exercise can hve on memory within a preadolescent 
sample.  Sixty participants between 11 and 12 years old completed a free recall memory 
task to assess immediate and delayed recall following a team aerobic training session or 
an individual aerobic exercise session.  A positive eff ct on immediate recall 
performance was seen following the aerobic team activity while delayed recall 
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performance improved in just the recency portion of the memory task for both the team 
training and aerobic exercise.  Ellemberg and St-Louise-Deschenes (2010) conducted a 
study testing the effect acute aerobic activity has on cognitive performance of 7-year old 
and 10-year old age groups.  It was determined that following a 35-minute bout of 
aerobic exercise both age groups saw a decrease in reaction time compared to the control 
session (watching television).  It should be noted that a stronger effect was identified for 
acute aerobic exercise on reaction time in the 10-year old participants compared to the 7-
year old participants.   
Though there are a few studies focusing on resistance exercise with adults, 
research focusing on resistance exercise in preadolscence is nonexistent due possibly to 
health concerns.  However, over the past few years it has been determined that the 
previous cautionary views on resistance training are unnecessary as recent evidence 
supports that resistance training is actually beneficial to children (Gomez, Johnson, 
Martin, Rowland, & Small, 2001).  The American Academy of Pediatrics and the 
American College of Sports Medicine have both acknowledged the benefits resistance 
training has for children (Gomez et al., 2001; Luke, 2009).  Benefits such as increased 
bone density, joint laxity, muscular strength, and  reduction in injury have been seen 
following proper resistance training programs in children and preadolescents.  Behm, 
Faigenbaum, Falk, and Klentrou (2008) conducted a review of literature pertaining to 
safety concerns with resistance exercise and preadol scence determining that, 
“Traditional fears associated with youth RT [resistance training] have been replaced with 
more recent findings that indicate that regular participation in weight bearing physical 
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activities is essential for normal bone growth and development” (p. 556).  While the 
physical benefits of resistance training in children have been identified, further research 
is needed to determine the extent to which cognitive benefits result from an acute bout of 
resistance exercise.  
Resistance exercise within adult populations has shown that this mode of exercise 
is also associated with improvements in cognitive performance.  Three studies have been 
conducted to determine the affect an acute bout of resistant exercise has on the cognitive 
performance of adult samples. Chang and Etnier (2008) conducted a study testing the 
effect an acute bout of strength training has on an adult population.  Following a 45-
minute bout of resistance training at moderate intensi y an increase in processing speed 
was identified, suggesting a positive effect of acute resistance training on cognitive 
function.  Chang, Ku, Tomporowski, Chen, and Huang (2012) conducted a study to 
identify the effect resistance training has on goal pl nning (an executive function) in 
older adults.  It was determined that following a 20-minute bout of resistance training at 
moderate intensity, efficiency of goal planning saw a significant improvement compared 
to the control condition.  Chang and Etnier (2009) identified a dose response relationship 
between acute resistance training and cognitive functio  in an adult population.  It was 
determined that a positive effect does exist between acute resistance exercise and 
cognitive performance in the domains of information processing and attention.  A linear 
effect of exercise intensity was identified on information processing suggesting that a 
higher intensity of exercise results in the highest effect size.  An inverted-u was identified 
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in regards to the effects of exercise intensity on attention resulting in the greatest effect 
size when exercise intensity is moderate.    
In summary, exercise has been shown to result in a positive effect when 
conducted prior to measuring cognitive performance.  Studies looking at the effect 
resistance exercise has on cognitive performance hav  generally resulted in a positive 
effect within young adult, adult, and older adult samples.  Perhaps because safety 
concerns in regards to resistance exercise for preadol scent samples have only recently 
changed, no research exists examining the effect an acute bout of resistance exercise has 
on the cognitive performance of a preadolescent sample.    
 
Purpose 
 In order to further the knowledge of resistance exercis  and the effects it has on a 
preadolescent population within the field of exercise psychology additional research is 
needed.  Evidence supports that a single session of aer bic exercise can benefit cognitive 
performance by children.  This study examines the impact a single session of resistance 
exercise has on cognitive performance in 3rd grade children.   
 
Hypothesis 
 It is hypothesized that a single session of resistance exercise will have a positive 
effect on the cognitive performance in this preadolescent sample.  The domains of 
cognitive performance in which a positive effect are expected are task switching, problem 
solving, inhibition, processing speed, working memory, and visual attention. 
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CHAPTER II 
 
EXTENDED LITERATURE REVIEW 
 
 
 While the benefits resistance exercise can have on the cognitive performance of a 
preadolescent population have not been extensively researched, a great deal of 
information does exist in the field of exercise and cognition in terms of the benefits 
aerobic exercise has for children.    This review of literature will highlight the effcts 
various modes, durations, and intensities of exercis  an have on cognition in several 
different age groups, with a focus on acute exercis in preadolescent populations. 
Exercise and Cognition 
  Etnier, Salazar, Landers, Petruzzello, Han, and Nowell (1997) conducted a meta-
analysis that compared results within 176 studies related to exercise and cognition 
throughout the lifespan.  Of the 176 studies identified for this meta-analysis, 134 
contained the necessary information for calculating effect size.  It was determined that the 
effect size for all of the studies was 0.25 (SD = 0.69, ES n = 1,260, p < .05), suggesting 
that exercise significantly increases cognitive functioning.  The differences between acute 
and chronic exercise were discussed in terms of the effects they can have on cognitive 
performance.  Chronic exercise consists of any physical activity, aerobic or anaerobic,
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 that continues beyond one session, regardless of duration.  Acute exercise is a single 
bout of physical activity.  It was discovered by Etnier et al. that while chronic exercise 
yields a greater effect size (ES = 0.33), a small positive effect size does exist for acute 
exercise as well (ES = 0.16).   
Lambourne and Tomporowski (2010) conducted a meta-analysis that compared 
21 studies measuring cognitive performance before and during an acute bout of exercise, 
as well as 29 studies that measured cognitive performance before and after exercise.  
Analyses were used to identify the amount of time during and after exercise it takes for 
cognitive tasks to be affected.  During the first twenty minutes of exercise, cognitive 
performance is negatively impacted for perceptual tasks and tasks measuring processing 
speed.  Beyond twenty minutes of exercise, effect sizes for simultaneous cognitive 
performance increases, specifically in tasks measuring inspection time.  Following 
exercise, cognitive performance was positively affected by acute exercise, specifically in 
areas of memory, retrieval, and processing speed.  Of further interest, the particular type 
of exercise conducted impacted the nature of the effects.  Results showed that cognitive 
performance is positively affected both during and fter cycling.  However, when running 
on a treadmill, cognitive performance is negatively affected, whereas following treadmill 
exercise cognitive performance is positively affected. 
Chang, Labban, Gapin, and Etnier (2012) reviewed th results found within 79 
studies focusing on acute exercise and cognitive performance.  The influences of 
moderating variables were taken into account within e analyses. Type of cognitive 
performance and the level of fitness for each participant were identified as moderating 
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variables during exercise such that both executive function and higher fitness levels 
resulted in higher effects.  When cognitive performance was assessed immediately 
following the exercise session, that is, moving directly from exercise into cognitive tasks, 
it was determined that moderate intensity exercise re ults in the greatest positive effect on 
cognitive performance.  A smaller positive effect be ween lighter intensity aerobic 
exercise and cognitive performance was also identifi d.   Thus, it was determined that 
following exercise at a light or moderate intensity, positive effects were observed.  In 
contrast, no positive effect was seen following exercis  conducted at intensities above 
moderate.  It was also determined that cognitive task ype significantly moderates the 
relationship between exercise and cognitive performance with higher effect sizes in 
cognitive tasks measuring executive function and crystallized intelligence. When 
cognitive performance was assessed following a delay after completion of the exercise, 
exercise was seen to have a positive effect significantly greater than zero at all intensity 
levels except very light.   
 While a number of studies have determined that an acute bout of exercise does 
have a positive effect on cognitive performance, spcific moderators should be noted that 
result in the largest effect sizes.  When conducting cognitive tests following exercise, the 
intensity of the exercise should be moderate to high with a 1-15  min delay before testing 
cognition.  The cognitive tasks used should test executive function and be administered in 
the morning in order to result in a slightly higher effect size.  In addition, Lambourne and 
Tomporowski (2010) identified that subjects also tend to perform better on cognitive 
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tasks shortly following an acute bout of exercise with increased performance in measures 
of processing speed, memory, and retrieval.    
 
Children vs. Other Populations 
 The brain of a child develops steadily through preadolescence and into early 
adulthood.  Hedman, van Haren, Schnack, Kahn, and Hulshoff (2011) reviewed 56 
magnetic resonance imaging studies.  It was determin d that starting at the age of nine, 
1% annual brain growth is seen in children every year, usually leveling off around the age 
of thirteen.  After the age of thirty-five, volume loss is typically seen at a rate of about 
.02% every year.  Concomitant with the increase in brain volume that occurs in children, 
increases in various levels of cognitive function take place.  Executive function in 
preadolescence improves along with areas of memory and information processing; areas 
considered important for academic performance.  Theannual brain growth described 
above is an average that Hedman et al. identified across a group of studies. However, 
there is also evidence from a study conducted by Giedd et al. (2001) in which they looked 
at children younger than age 9 and reported a steady increase in brain growth beginning 
at age 4 and continuing to the previously described 13 year old peak.  While it has been 
identified that the human brain experiences its largest increase in growth between early 
childhood and 13 years of age, ways in which to utilize and foster this brain growth are 
still being discovered.  One avenue of research that has received attention is the 
exploration of the potential benefits of exercise for the cognitive performance of children. 
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 Tomporowski, Davis, Miller, and Naglieri (2008) conducted a review on the 
existing literature focusing on the effects chronic exercise can have on cognitive 
performance of children.  After reviewing sixteen cross-sectional studies, Tomporowski 
et al. (2008) determined that the more physically fit children are, the better they perform 
on cognitive tasks.  It should also be noted that following a chronic aerobic exercise 
program, executive function has been shown to increase.  Four correlational studies were 
also reviewed.   Similar to the cross-sectional studies, scores on fitness tests are positively 
related to academic achievement by children.  Three longitudinal studies all showed that 
children exposed to regular chronic exercise instead of their normal physical education 
classes performed better on standardized tests and had better overall health than the 
children within control groups or regular physical education classes.  Tomporowski et al. 
concluded that the evidence supports a positive relationship between academic 
achievement and chronic exercise.  However, one of the primary limitations that they 
identified was that random assignment was not used for the majority of the studies.  
Based upon this limitation, they emphasized the importance of using true experimental 
designs in subsequent research in order to validate research findings and test the causal 
relationship. 
 Tomporowski (2003) also conducted a narrative review that focused on acute 
bouts of exercise and cognitive performance by various preadolescent populations.  
Tomprowski reviewed 22 studies, 18 of which include children diagnosed with clinical 
disorders.  It was determined that in the studies using a normal functioning sample 
exposed to acute bouts of exercise, a positive effect on cognitive performance does exist.  
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It was determined that the ideal length of time for an exercise session is between 30- and 
40-min, with significantly higher scores in cognitive tasks following this time frame than 
following a 20-min bout of exercise. It was also shwn that physical activity at a vigorous 
intensity may result in the greatest positive impact on cognitive performance.  In the 
research focusing on preadolescents diagnosed with clinical disorders such as autism 
spectrum disorders, attention deficit disorders, mental retardation, and behavioral 
disorders, the effect of acute exercise on cognitive performance appears to be mixed 
depending on the clinical disorder being addressed.   
 Tomporowski et al. (2008) and Tomporowski (2003) have determined that both 
acute and chronic exercise have a positive effect on ognitive performance in a 
preadolescent population.  A 30- to 40-min bout of acute exercise has been shown to be 
most effective in increasing performance on cognitive asks performed following the 
exercise session.  Components of executive function which are present in standardized 
tests and measures of processing speed and attention have been shown to increase 
following exercise in preadolescent populations.  When comparing children to other 
populations on the effects exercise has on cognitive performance many of the outcomes 
are the same.  Executive function has been shown to increase following acute and chronic 
aerobic exercise in children as well as adults.  However, much of the available research 
on acute exercise does continue to focus on adult populations.  While few studies exist 
that identify the effect acute exercise has on cognitive performance in children, the 
reviews of the available research suggest that this is a promising area of research, and 
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future research is necessary to improve our understanding of how to use exercise to 
benefit cognitive performance by preadolescents. 
Acute Resistance Exercise in Preadolescence 
 Little is known of the effects an acute bout of resistance exercise has on the 
cognitive performance of a preadolescent population.  Most of the research conducted 
with preadolescents thus far has focused on chronic training and aerobic exercise.  A 
major reason for this lack of knowledge relative to the effects of resistance exercise in 
particular is likely because of the possible concer that resistance training can have 
detrimental effects on the growing body of a preadolescent.  It was once thought that 
resistance exercise could hinder muscle and joint development due to bone plate 
disturbances and bodily changes occurring throughout childhood and leading into 
adolescence.  However, according to the American Academy of Pediatrics (2013) 
resistance exercise has been found to be quite beneficial to a preadolescent population.  
Children, like adults, will see increases in strength, muscle mass, and muscle endurance 
in addition to reducing risk for injury and enhancing overall fitness levels. The only risks 
associated with resistance training for children stems from incorrect technique and/or 
improper programming.  The American College of Sports Medicine (ACSM) has also 
recognized the benefits that children can see following an appropriate resistance program 
(2009, 2013).  According to the ACSM the differences b tween resistance exercise and 
weightlifting should be understood prior to beginning a strength-based program with a 
child.  Resistance exercise is a specialized mode of fitness training with the goal of 
increasing strength, flexibility and endurance within muscles whereas weightlifting is the 
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act of lifting close to maximal amounts of weight for competitive purposes.  When 
determining the amount of weight a child will be using for resistance exercise, a one to 
five repetition maximal effort lift is not recommended.  According to the ACSM, children 
should be working in the range of 6-15 repetitions for 2-3 sets on 2-3 non-consecutive 
days per week. While it seems that the views of proessional organizations on resistance 
exercise are beginning to make a shift towards acceptance, it is likely that society will 
require additional research-based evidence before resistance exercise becomes an 
acceptable mode of exercise for children.  In order to validate the importance of 
resistance exercise for children it becomes increasingly important to understand the 
effects anaerobic exercise may have on the brain.  A positive effect between resistance 
exercise and cognitive performance has been identifi d within older populations and 
discovering similar results within children could result in powerful implications. 
 Sibley and Etnier (2003) reviewed 44 studies dealing with exercise, children and 
cognitive/academic performance.  Out of the 44 studies included in this meta-analysis 
only 16, 9 published and 7 non-published, were considered to be acceptable true 
experimental designs.  Thirteen of these 16 studies us d a chronic exercise program while 
the remaining 3 used an acute design for exercise se sions.  Out of these 16 studies, only 
one used isometric strength training as the primary mode of exercise during a chronic 
exercise program, producing an effect size of 0.65.  It should be noted that the 
participants within this study had been diagnosed with various intellectual disabilities.   
Two of the studies reviewed, 1 acute and 1 chronic, did not focus on resistance training as 
the primary form of exercise, but rather incorporated resistance exercise combined with 
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aerobic exercise.  However, these studies incorporating resistance exercise and aerobic 
exercise through circuit training into the programming reported a significant increase in 
executive function producing an average effect sizeof 0.745. 
 These results not only show that chronic exercise an positively affect cognitive 
functioning using a variety of designs, it also shows that chronic and acute resistance 
exercise used in combination with aerobic training can have a positive effect on cognitive 
functioning.  Though only one study was identified within this meta-analysis that used 
resistance exercise in isolation, a positive effect was seen on executive function following 
a 6 week isometric strength training program.  Furthermore, all of the studies 
incorporating acute resistance exercise programs saw a positive effect on cognitive 
performance.   
Although no research exists exploring the effects aute resistance exercise has on 
preadolescents, there are several recent studies whch have examined the effects of a 
single session of aerobic exercise on cognitive performance in preadolescent populations.  
Hillman, Pontifex, Raine, Castelli, Hall, and Kramer (2009) identified the effect an acute 
bout of moderate walking has on cognition and academic achievement in a preadolescent 
population. Twenty participants, 12 boys and 8 girls were selected following physical and 
neurological screening.  The average age among partici nts was 9.5 years.  Cognitive 
performance and academic achievement were measured using the modified flanker task, 
assessing inhibitory control, and the Wide Range Achievement Test 3rd Edition (WRAT-
3), a written assessment of achievement for the areas of reading, spelling, and arithmetic.  
A within-subjects design was used requiring all participants to attend two randomly 
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assigned counterbalanced sessions for the study.   The resting session consisted of 20-min 
of seated rest followed by the modified flanker test and the WRAT-3.  During the 
exercise session participants would walk on a treadmill at sixty percent of their estimated 
maximal heart rate for 20-min followed by the cognitive tests in the same order taken for 
the resting session. 
Following exercise, participants scored significantly higher in the reading domain 
of the WRAT-3, compared to the resting session. No significant differences were 
identified in the spelling and arithmetic domains between sessions.  For the modified 
flanker task, it was identified that performance significantly improved by nearly 5% 
following exercise compared to following rest.  These findings show that acute exercise 
does have a positive effect on cognitive control and reading in a preadolescent 
population, offering a new way in which cognitive prformance and academic 
achievement can be improved during childhood.   
Pesce, Crova, Cereatti, Casella, and Belluci (2009) and Ellemberg and St-Louise-
Deschenes (2010) have also conducted studies in which a positive effect of acute exercise 
on cognitive functioning was identified.  Pesce et al. (2009) identified the benefits an 
acute bout of exercise can have on memory within a pre dolescent population.  The study 
included 60 middle school children, between the ages of 11 and 12 years.  The cognitive 
task was a 20 question free-recall memory test, consisti g of immediate and delayed 
recall.  All participants attended 4 sessions within t e study.  The first session for the 
study was an introduction to the memory test explaining how the test works and what is 
expected from participants.  In order to account for potential learning effects, the baseline 
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session, solely consisting of the memory test, was conducted during the third session 
while the second and fourth sessions consisted of either a team activity or individual 
aerobic activity (circuit training) prior to the meory test.  Exercise intensity between 
sessions two and four were held constant and kept equivalent through the use of heart rate 
monitors and ratings of perceived exertion in order to maintain moderate to vigorous 
intensity throughout the two exercise sessions.  Pesce t al. concluded that immediate 
recall performance was improved as compared to the bas line test following the team 
activity, whereas the delayed recall performance was greater in just the recency portion of 
the word list for both aerobic exercise and team training.  These results show the benefits 
an acute bout of exercise can have on memory retention within a preadolescent 
population, with implications of increased academic performance in educational settings.  
Ellemberg and St. Louis-Deschenes (2010) identified th  effects an acute bout of 
exercise has on the cognitive development of two different age groups of children.  
Cognitive performance was tested using a choice response task measuring reaction times 
following an acute bout of aerobic exercise in samples of 7- and 10-year olds.  Within 
each age group 18 participants performed 35-min of aerobic exercise followed by the 
choice response and reaction time tests, while the ot r 18 participants within each age 
group watched television prior to completing the same cognitive tests.  It was discovered 
that both groups of children saw a significant increase in performance after completing 
the acute bouts of aerobic exercise compared to the groups that watched television prior 
to the tests.  It was also identified that the improvements in cognitive performance were 
greater for the 10-year old participants compared to those of the 7-year old group.  An 
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important contribution of this study is that the results show that greater effects may be 
seen in a preadolescent population that is slightly older.   
After examining the available literature related to exercise and cognitive 
performance in a preadolescent population, it is apparent that more research needs to be 
conducted in the area of acute bouts of exercise and their effects on cognitive 
performance.  Additionally, while the majority of previous research with preadolescents 
focuses on acute bouts of aerobic exercise, evidence from research with older adults 
(discussed next) suggests that a positive relationsh p may exist between acute bouts of 
resistance training and cognitive performance within a preadolescent population.   
Aerobic vs. Anaerobic Exercise 
Aerobic and anaerobic exercise are categorized based upon the ways in which 
oxygen and energy are used during bouts of exercise.  Aerobic exercises such as running, 
biking, and walking are typically associated with oxygen being used to fuel metabolism 
within muscles, allowing continual muscle contraction for extended periods of time.  
Anaerobic exercises such as sprinting and resistance exercise are performed at a higher 
intensity in which oxygen is unable to circulate within the muscles at a quick enough rate 
to meet the demands of the activity.  Anaerobic exercis  results in other forms of energy 
being used during muscle contraction, impairing muscle function quicker than aerobic 
exercises due to increased production of lactic acid nd depletion of the high energy 
bonds within adenosine triphosphate.  During anaerobic exercise it is necessary to 
maintain an intensity level high enough to primarily use the anaerobic energy system in 
order to truly be considered anaerobic.  While thisintensity level is dependent on 
 
 
18 
 
exercise mode, an activity such as resistance exercise would require an intensity that is 
moderate to high.  Resistance exercise at too low of an intensity, while typically 
considered an anaerobic mode, may actually be physiologically aerobic.   
Past research has focused almost exclusively on aerobic exercise and a positive 
effect on cognitive functioning has been identified n all ages (Etnier et al., 1997).  
However, researchers have begun to look at anaerobic exercise as another way in which 
cognitive performance may be positively affected.   
Chang and Etnier (2008) showed that a positive effect may exist within a middle-
age sample.  Forty-one participants were randomly assigned to either a resistance 
exercise session or a control session to test the effect of acute resistance exercise on 
cognitive performance.  The first session was used to determine appropriate weights that 
would be used for each exercise and also addressed health concerns that may arise during 
the exercise session.  The first session consisted of determining appropriate weights for 
each of the resistance training exercises being used by determining a 10 max repetition 
for each movement by having the client lift a weight for 10 repetitions with moderate 
effort.  In session two, the participants were randomly assigned to either the resistance 
exercise group or the reading control group.  The control group was asked to read a 
pamphlet pertaining to resistance exercise for approximately the same duration of time 
the resistance exercise program would take, while te resistance exercise group was taken 
through the predetermined strength-based exercises.  The resistance exercise program 
consisted of six different exercises using two setsof en repetitions, incorporating a full 
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body workout.  The sessions lasted approximately 45 minutes and the resistance exercise 
group was kept at a moderate intensity, based on the weights assigned.   
Immediately before and after completing the 45 minute sessions, both groups 
completed the Stroop Test, a series of tests measuring processing speed and inhibition.  
The Stroop Test consists of a word condition, a color condition, and a color word 
condition.  Participants also took the Trail Making Test, a test of general brain function 
requiring the participant to connect a series of numbers and letters in a progressive order.  
It was determined that an acute bout of resistance exercise has significant benefits on 
processing speed (word and color components of the Stroop Test).  Results from the color 
word component of The Stroop Test and from the Trail M king Test were not significant.  
While the results from this study show a positive eff ct of resistance exercise on 
cognitive functioning, the average age of the participants within the study was 49.1 years, 
making it unclear as to whether similar effects would be seen in a younger population.     
Chang, Ku, Tomporowski, Chen, and Huang (2012) conducted a study in order to 
identify the effects of acute resistance exercise on goal planning by late- to middle-aged 
adults (M=57.2 years).  Fourteen men and 16 women were included in the study 
following a screening process to assure normally functioning physical and mental 
capabilities in addition to screening for health con erns and current fitness levels.  
Participants attended three sessions during the study.  Planning was tested using the 
Tower of London Task (TOL).  The resistance exercis onsisted of a ten minute warm-
up followed by 20 minute of resistance training at a moderate intensity, based on the 
previously determined weights for each exercise.  The exercise program consisted of two 
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sets of ten repetitions for seven different exerciss targeting all major muscles.  In the 
exercise session, participants completed the TOL task as a pretest, followed by the 
resistance exercise, and ended with the TOL task as a posttest.  During the control session 
participants completed the TOL as a pretest, followed by 20 minutes of reading, and 
ended with the TOL task as a posttest.   
Following a 20 minute bout of resistance exercise, a significant decrease was seen 
on the number of moves made during the TOL.  An increase in initial move time for each 
problem was also identified following the exercise session with no significant increase in 
total time taken showing an increase in planning prior to beginning each problem within 
the TOL.  These results show that acute resistance exercise has a positive effect on 
planning within a late- to middle-aged adult population.   
Chang and Etnier (2009), having already identified a positive affect between acute 
anaerobic exercise and cognitive performance, conducte  a study to explore a possible 
dose-response relationship between anaerobic exercise intensity and cognitive function.  
Sixty-eight participants (M=25.95 years) were randomly assigned into one of four 
groups: a control group, 40%, 70%, or 100% of a ten-repetition maximal resistance 
exercise session.  The exercise sessions consisted of two sets of ten repetitions for six 
different exercises targeting all major muscles within the upper body.  To ensure the 
appropriate intensity was used for each group heart rate monitors, ratings of perceived 
exertion (RPE), and the felt arousal scale (FAS) were used.  RPE and FAS are two ways 
in which participants can self-evaluate their effort during exercise. The cognitive tests 
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used were the Stroop Test and the Paced Auditory Serial Addition Test (PASAT).  The 
PASAT is a measure of information processing and attention.   
Participants were required to attend two days of testing.  On day one participants 
performed the Stroop test and PASAT for baseline measurements.  During day two, 
resting heart rate was recorded followed by performance of the Stroop Test and PASAT 
for the pretest.  For the exercise groups, participants performed the prescribed exercises 
at the assigned percent of their ten-repetition max(10 RM) while heart rate, FAS and 
RPE were recorded.  If assigned to the control group participants watched a movie for the 
same amount of time as the exercise sessions.  After exercising or watching the video, 
participants completed the Stroop Test and PASAT a second time as a posttest measure.   
Chang and Etnier (2009) determined that there is a line r relationship between 
basic information processing and acute anaerobic exercise intensity.  As intensity level 
increased within the assigned groups so did scores on three levels of The Stroop Test.  
When it came to testing attention and slightly more complex information processing 
using the PASAT, it was determined that cognitive performance increases curvilinearly 
with exercise intensity.  The greatest positive effct was seen following anaerobic 
exercise at70% of participants’ 10 RM and effects decreased within the 100% of 10 RM 
group.  Chang and Etnier identified a dose response relationship between acute anaerobic 
exercise intensity and cognitive performance.  Anaerobic exercise intensity has a linear 
positive affect on basic information processing, but for more complex information 
processing the relationship is curvilinear and 70% of 10 RM is ideal for the largest 
positive effect on attention.   
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Pontifex, Hillman, Fernhall, Thompson, and Valentini (2009) conducted a study 
to determine the effects an acute bout of aerobic and anaerobic exercise would have on 
working memory.  Twenty-one participants (M=20.2 years) attended four sessions 
including a baseline, aerobic, anaerobic, and a control, with the order of the latter three 
sessions being counterbalanced.  Working memory was measured among participants 
through the use of a modified Sternberg task, requiing participants to identify a 
previously presented letter in a set of three, five, or seven letters at an increasing 
difficulty.  Participant’s cardiorespiratory fitness was assessed using a VO2 max test.  
Day one (baseline testing) consisted of VO2 max testing followed by strength testing used 
to identify a one repetition max (1 RM) for all exercises used during the resistance 
session.  The program used during the resistance session consisted of seven different 
exercises targeting all major muscles.  During session  two, three, and four all 
participants took the modified Sternberg task immediat ly before, immediately after, and 
thirty minutes after the assigned conditions for the session.  The anaerobic session 
included the seven resistance exercises used during the strength assessment, this time 
consisting of three sets of eight to twelve repetitions at 80% of their respective 
predetermined 1 RMs.  The anaerobic session lasted for approximately 30 minutes.  The 
aerobic session required participants to run on a treadmill at 60-70% of their VO2 max for 
30 minutes.  During the control session participants sat quietly for 30 minutes and were 
allowed to read magazines.   
Pontifex et al. (2009) determined that immediately fo lowing and 30 minutes after 
an aerobic exercise session a positive effect on working memory exists.  A similar effect 
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was not seen for the anaerobic and control sessions.  While a significant effect was not 
seen for acute anaerobic exercise and cognitive performance by Pontifex et al., it should 
be noted that only working memory was measured as a component of cognition.  
Previous research in adult samples has identified a positive effect on cognitive 
performance in domains other than working memory following resistance exercise 
suggesting that additional cognitive measures may have resulted in different effects. 
Further research following a similar design but measuring additional components of 
cognitive performance may result in various effects leading to a better understanding of 
acute resistance exercise on a preadolescent populati n. 
Future Directions 
When studying cognitive performance and how exercis influences a person’s 
ability to think, it is important to acknowledge factors that contribute to cognitive 
functioning throughout all stages of human development.  Development of cognitive 
function begins at birth and continues throughout the lifespan of a normal functioning 
person, though the rate at which development occurs changes with age.  The largest gains 
in cognitive development occur during childhood and continue through adolescence, 
beginning to slow in the mid-thirties. 
After reviewing the existing literature on exercise and cognition it is apparent that 
acute bouts of resistance exercise can have a positive effect on information processing 
and attention within young, middle, and older adults.  The majority of research 
identifying an effect between resistance exercise and cognitive performance uses the term 
“strength” when describing the exercise program used.  While participants will gain 
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strength via resistance exercise at varying rates based on repetitions and intensity, it 
should be understood that the ACSM has identified additional benefits such as muscular 
endurance and hypertrophy as likely outcomes to resistance exercise at higher repetitions.  
Higher repetition sets are commonly seen in the literature on resistance exercise and 
cognition, suggesting that strength training may not be an accurate term.  The phrase 
resistance exercise should be used as a more general term encompassing the endurance, 
strength, and hypertrophy benefits muscles may receiv .  No research exists that attempts 
to determine the effect acute resistance exercise may have on cognitive performance in a 
preadolescent population.  Now considered to be benficial to the overall health and 
development of children, resistance training may offer a cost effective way in which 
cognitive performance can be increased in and out of the classroom.  In terms of 
performance within schools it has also been identifi d that aerobic exercise at a moderate 
intensity has a positive effect on academic achievement within a preadolescent 
population.  While there is no existing research on acute resistance exercise and academic 
achievement in a preadolescent population either, existing literature suggests this may be 
a population with promising outcomes. 
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CHAPTER III 
METHODS 
 
 
Participants 
Fifty 3rd graders participated in this study (27 female, 23 male) with a mean age of 
8.32 yrs (SD=.54).  The output from the statistical analyses for all outcome variables is 
located in Table 1.   
Upon receiving approval through the Institutional Review Board, participants 
were recruited from Greensboro Day School, a private non-sectarian college preparatory 
Kindergarten through High School.  Participants were between the ages of 8 and 9 years 
of age and functioning at a cognitively normal level for their age range.  Principals and 
teachers of Greensboro Day School were contacted dir ctly and briefed on the goals and 
expectations of the study.  Participation in this study was voluntary and signed consent 
forms were collected from a parent or legal guardian of all interested participants and 
signed assent forms were collected from the children. 
Procedure 
 Upon acceptance into the study participants were randomly assigned to either a 
control group or a treatment group.  An analysis of variance was used to confirm that the 
two groups were equal based on z-scores attained from the pre-test.    
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Participants attended three days of testing.  On day one participants, regardless of 
group, were introduced to the cognitive tasks.  Introductions to the cognitive tasks 
consisted of an informational presentation and demonstration as to what was expected 
from each participant for each of the four cognitive tasks.  Following this introduction 
and answering of any questions, participants were ask d to perform the cognitive tests as 
the pre-test measure.  Introductions to the resistance exercises took place immediately 
following the pre-test and included demonstrations f proper form for the seven exercises 
as well as guided practice of the movements without weights. 
On day two an indirect 10 repetition maximal lift for each exercise was 
determined for each participant (see below), irrespective of assigned group. 
On day three, the post-testing day, participants arrived at the school gymnasium 
during their usual 45 minute physical education class.  The participants randomly 
assigned to the control group moved to the nearby computer laboratory to complete the 
measures of cognitive performance.  Upon completion of the cognitive tasks participants 
in the control group immediately moved back to the gymnasium and began the resistance 
exercises.  Participants randomly assigned to the treatment group remained in the 
gymnasium, after the control group had left for the computer lab, and began the 
resistance exercises.  Upon completion of the resistance exercises, participants in the 
treatment group immediately moved to the computer laboratory for the cognitive testing.  
It should be noted that at least two weeks had elaps d between pre-testing and post-
testing.   
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Resistance Exercise Protocol 
Determination of Weight 
 The resistance exercise protocol followed the guidelines set forth by the ACSM in 
regards to resistance exercise in youth.  All resistance exercises remained within the 6-15 
repetition range and no 1 repetition maximal lifts were used.  A moderate intensity, as 
determined by the ACSM, was used for each exercise.  Th  weight for each exercise 
constituting this intensity was determined by identifying a 15 repetition low to low-
moderate intensity lift for each of the seven exercis s for each participant.  The low to 
low-moderate intensity for each participant was determined through a combination of 
participant feedback and the judgment of the trainers working with them.  Determination 
of the proper weights was accomplished through the use of dumbbells ranging from 1 to 
10 lbs increasing in 1lb increments.  In identifying the proper weight to be used for each 
exercise, participants were assigned dumbbells of varying weight as way to gauge the 
strength of each participant.  The weight of the dumbbells used for the baseline session 
was chosen through a combination of participant feedback, too light or heavy, and the 
judgment of either an ACSM or National Strength andConditioning Association (NSCA) 
certified fitness trainer.   Following the guidelines for proper resistance training 
technique, the weight used by each participant for he 15 repetition lifts was either 
increased, decreased, or kept the same based on thebservations of the certified trainers.  
The weight determined to be appropriate for a low t low-moderate intensity for 15 
repetitions for each of the seven exercises was the weight deemed appropriate as a 
moderate intensity for the resistance training day.    
 
 
28 
 
Resistance Exercise Session 
 During the post-testing session participants warmed up using very light 
weight/no weight by quickly performing 1 set of 10 repetitions for each exercise.  This 
warm-up was also used to remind participants of proper form before executing each 
exercise.  Following the warm-up participants completed 2 sets of 10 repetitions at their 
previously determined 10-repetion maximal lift for 7 esistance exercise incorporating all 
major muscle groups.  The resistance exercises used during the session were: 
1. Bodyweight squat    2 x 10 
2. Standing shoulder press  2 x 10 
3. Chest press    2 x 10 
4. 2 point row    2 x 10 each arm 
5. Overhead tricep extension  2 x 10 
6. Bicep curl    2 x 10 
7. Bodyweight lunges   2 x 10 each leg 
Measures 
 The Psychology Building Language Experiment (PEBL) was used as a way to 
administer all cognitive tasks.  PEBL is a free software created by Dr. Shane T. Mueller 
as way to administer multiple cognitive tasks in one program with the option for 
customization through the creation and addition of ew source codes.  PEBL was chosen 
for this study due to its ability to chain cognitive tasks together and for its customizability 
of instructions prior to each measure.  Due to the young age of the sample tested, many of 
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the written directions for each cognitive task were modified to ensure understanding.  The 
four tasks used to measure cognitive performance wer th  Tower of London, the Stroop 
test, the Corsi span, and the trailmaking task.  Four different orders of these tests were 
created and randomly assigned to the participants within each treatment group, making 
sure that an approximately equal number of the different orders were represented in each 
group.  The order of tests used during pre-test was used again for the same participants at 
post-test.   
 The Tower of London task was used as a measure of planning and problem 
solving.  During this computer-based task participants were required to arrange 3 colored 
discs in a workspace to match the arrangement of a presented model in as few moves as 
possible.  The difficulty of each trial increased across trials and participants had 60 
seconds to complete each trial.  The test contained 15 trials and time for completion of 
each trial (TOL Time), first time of movement for each trial (TOL First Time), and total 
steps were recorded for each participant (TOL Steps).   
The Stroop Test was used to measure attention and processing speed on three 
increasingly challenging cognitive tasks, Stroop D, Stroop W, and Stroop C.  Time taken 
for completion and errors made were recorded for each t sk.   The Stroop D contained a 
random sequence of twenty-four colored dots (blue, red, yellow, and green) presented on 
a computer screen.  Participants were required to ientify the color of each of the stimuli 
using the numbers one through four on their keyboard.  The key to the matching of each 
number with each color was displayed on the monitor throughout the Stroop Test. The 
Stroop W consisted of a random sequence of twenty-four words (not the names of colors) 
 
 
30 
 
presented in blue, red, yellow, or green font.  Participants were required to identify the 
color of each word, ignoring the word itself, using their keyboard.  The Stroop C 
consisted of a random sequence of twenty-four words (the names of colors) presented in 
blue, red, yellow, or green font.  Participants were required to identify the color of each 
word using their keyboard, ignoring the word itself. For all tasks, participants began at 
the top left of the screen and worked their way through the stimuli moving to the right 
and down.     
The Corsi Span was used to assess memory.  The Corsi Span is a computer-based 
test in which participants see a number of boxes randomly dispersed on a screen. In each 
trial some of the boxes, beginning with two boxes, would light up in a sequential order.  
Participants were required to recall the order in which the boxes lit up by clicking the 
appropriate boxes in the same order in which they had been displayed.   Each time a 
participant correctly finished two trials of the same difficulty (number of boxes) another 
trial would begin with one additional box illuminated.  Each time a participant answered 
incorrectly the next trial would have one fewer box.  Upon incorrectly responding to two 
trials of the same difficulty the test ended with errors and memory span being recorded.  
  The trail making task was used to test task switching and visual attention during 
two increasingly difficult tests.  The first test contained the numbers 1-18 randomly 
dispersed across a computer screen.  Participants were asked to click each number 
sequentially beginning with the number 1 and continuing in order to the number 18.  The 
second task required participants to alternate sequentially clicking a series of randomly 
placed numbers and letters on a computer screen.  Participants would click 1 followed by 
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A followed by 2 followed by B and so on until reaching the number 9.  Completion time 
and errors made were recorded for both tasks.   
Statistics  
 A mixed repeated measures analysis of variance (ANOVA) was used in order to 
determine the differences in performance as a functio  of treatment group (exercise or 
control), session (pre-test or post-test),and their interaction.  The dependent variables 
were:  TOL Steps, TOL First Time, and TOL Total Time, Stroop D Time, Stroop D 
Errors, Stroop W Time, Stroop W Errors, Stroop C Time, Stroop C Errors, Corsi Span 
(working memory), Trails A Time, Trails A Clicks, Trails B Time, and Trails B Clicks.     
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CHAPTER IV 
 
RESULTS 
 
 
Primary Analysis 
Tower of London 
 
 There was a significant main effect for session for first time, F(1,48)=74.08, 
p<.05 but no treatment group main effect, F(1,48)=1.36, p>.05, or treatment group x 
session interaction effect, F(1,48)= .43, p>.05.  Examination of the means for the main 
effect for first time indicate that performance improved from baseline (M=4493.72 sec, 
SD=3572.98) to post-test day (M=3572.98 sec, SD=98.93).  There was also a significant 
main effect for session for total time, F(1,48)=21.68, p<.05, indicating that total time 
improved from baseline (M=16971.16 sec, SD=702.77) to post-test (M=13555.33 sec, 
SD=663.4).  A significant main effect for treatment group for total time, F(1,48)=700.78, 
p<.05, was identified indicating that time was greater for the treatment group 
(M=15514.8, SD=798.93) than for the control group (M=15011.691, SD=831.55).  There 
was no significant treatment x session interaction for total time, F(1,48)=0.15, p>.05.  For 
steps, the main effect for session, treatment group main effect, and treatment group x 
session interaction effect were not statistically significant, F’s(1,48)<0.38, p’s>.05. 
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Stroop Task 
 There was a significant main effect for session for Stroop D time, F(1,47)=34.81, 
p<.05, indicating that performance improved from baseline (M=68.57, SD=4.23) to post-
test (M=50.32, SD=2.96) and a significant main effect or treatment group, 
F(1,47)=34.81, p<.05, indicating that time was greater for the contr l (M=59.72, 
SD=4.72) than for exercise group (M=59.17, SD=4.63) (see Figure 1).  The treatment 
group x session interaction was not significant for Stroop D, F(1, 47)=0.69, p>.05.  For 
Stroop D errors the main effects for session and treatment group and the treatment group 
x session interaction effect were not statistically significant, F’s(1,47)<1.5, p’s>.05. 
There was a significant main effect for session for Stroop W time, F(1,46)=19.57, 
p<.05, indicating that performance improved from baseline (M=60.79, SD=3.2) to post-
test day (M=49.96, SD=3.46).  However, there was no ignificant main effect for 
treatment group, F(1,46)=.002, p>.05, nor was the treatment group x session interaction 
significant, F(1,46)=1.69, p>.05.  There was no significant main effect for session for 
Stroop W errors, F(1,46)=1.44, p>.05, and no significant main effect for treatment group, 
F(1,46)=0.63, p>.05.  However, the treatment group x session interac ion was significant 
for the Stroop W errors, F(1,46)=4.7, p<.05, indicating that the control group showed a 
greater increase in number of errors committed from baseline (M=3.74, SD=1.85) to 
post-test (M=8.61, SD=2.33) than did the exercise group from baseline (M=8.88, 
SD=1.77) to post-test (M=7.48, SD=2.24) (See Figure 1).   
 There was a significant main effect for session for Stroop C time, F(1,46)=18.54, 
p<.05, indicating that performance improved from baseline (M=68.11, SD=4.15) to post-
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test (M=53.41, SD=3.12).  However, there was no significant main effect for treatment 
group, F(1,46)=0.28, p>.05, or treatment group x session interaction significance, 
F(1,46)=0.78, p>.05.  For Stroop C errors, the main effect for session, treatment group 
main effect, and treatment group x session interaction effect were not statistically 
significant, F’s(1,46)<2.05, p’s>.05.    
Corsi Task 
 There was no significant main effect for Corsi Span for session, F(1,47)=.001, 
p>.05, and no significant interaction of treatment group x session, F(1,47)=1.46, p>.05.  
The treatment group main effect was significant, F(1,46)=5.15, p<.05, indicating that 
performance for memory span was better for the control group (M=5.15, SD=.165) than 
for the treatment group (M=4.62, SD=.162).   
Trail Making Task 
 There was no significant main effect for session for Trails A time, F(1,47)=1.75, 
p>.05, no significant treatment group main effect, F(1,47)=1.89, p>.05, and no significant 
treatment group x session interaction, F(1,47)=.056, p>.05.  There was no significant 
main effect for session for Trails A clicks, F(1,47)=0.89, p>.05, no significant treatment 
group main effect, F(1,47)=1.5, p>.05, and no significant treatment group x session 
interaction, F(1,47)=0.61, p>.05.   
 There was a significant main effect for session for Trails B time, F(1,47)=7.17, 
p<.05.  Examination of the means indicated that time decreased from baseline 
(M=28797.49, SD=1859.21) to posttest (M=24270.1, SD=1450.54).  There was no 
significant treatment group main effect for Trails B time, F(1,47)=0.8, p>.05, and no 
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significant treatment group x session interaction, F(1,47)=1.43, p>.05.  There was no 
significant main effect for session for Trails A clicks, F(1,47)=0.21, p>.05, no significant 
treatment group main effect, F(1,47)=1.83, p>.05, and no significant treatment group x 
session interaction, F(1,47)=0.36, p>.05.
 
 
 
 
Table 1 Primary Analysis 
Cognitive Measure Effect df               F         Sig.            Partial Eta                                                      
Squared  
TOL Steps Session (1,48) 0.33 0.57 0.01 
 Treatment Group  0.38 0.54 0.01 
 Session x Treatment Group  0.01 0.91 0.00 
      
      
TOL First Time Session (1,48) 74.08 0.001 0.61 
 Treatment Group  1.36 0.25 0.03 
 Session x Treatment Group  0.43 0.52 0.01 
      
      
TOL Time Session (1,48) 21.68 0.001 0.31 
 Treatment Group  700.78 0.001 0.94 
 Session x Treatment Group  0.15 0.7 0.003 
      
      
Stroop Time D Session (1,47) 34.81 0.001 1.00 
 Treatment Group  34.81 0.001 0.43 
 Session x Treatment Group  0.69 0.41 0.01 
      
      
Stroop Time D Errors Session (1,47) 0.68 0.41 0.01 
 Treatment Group  0.54 0.47 0.01 
 Session x Treatment Group  1.5 0.23 0.03 
3
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Cognitive Measure Category df               F         Sig.            Partial Eta                                                      
Squared  
      
Stroop Time W Session (1,46) 19.57 0.001 0.29 
 Treatment Group  0.002 0.97 0.00 
 Session x Treatment Group  1.67 0.2 0.04 
      
      
Stroop Time W Errors Session (1,46) 1.44 0.24 0.03 
 Treatment Group  0.63 0.43 0.01 
 Session x Treatment Group   4.7 0.04 0.09 
      
      
Stroop Time C Session (1,46) 18.54 0.001 0.29 
 Treatment Group  0.28 0.6 0.01 
 Session x Treatment Group  0.78 0.38 0.02 
      
      
Stroop Time C Errors Session (1,46) 2.05 0.16 0.04 
 Treatment Group  1.73 0.19 0.04 
 Session x Treatment Group  0.6 0.44 0.01 
      
      
Corsi Span Session (1,47) 0.001 0.98 0.00 
 Treatment Group   5.15 0.03 0.09 
 Session x Treatment Group  1.46 0.23 0.03 
3
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Cognitive Measure Category df               F         Sig.            Partial Eta                                                      
Squared  
Trails A Time Session (1,47) 1.75 0.19 0.04 
 Treatment Group  1.88 0.18 0.04 
 Session x Treatment Group  0.56 0.46 0.01 
      
      
Trails A Clicks Session (1,47) 0.89 0.35 0.02 
 Treatment Group  1.49 0.23 0.03 
 Session x Treatment Group  0.61 0.44 0.01 
      
      
Trails B Time Session (1,47) 7.17 0.01 0.13 
 Treatment Group  0.8 0.38 0.02 
 Session x Treatment Group  1.43 0.24 0.03 
      
      
Trails B Clicks Session (1,47) 0.21 0.65 0.004 
 Treatment Group  1.83 0.18 0.04 
 Session x Treatment Group  0.36 0.55 0.01 
3
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Table 2 Means and Standard Deviations 
Cognitive Measure Day 1 Exercise Day 2 Exercise Day 1 Control Day 2 Control 
  Mean SD Mean SD Mean SD Mean SD 
TOL Steps 82.30 12.43 84.73 16.34 85.17 20.24 87.46 21.14 
          
TOL First Time 4652.85 1045.07 3662.11 882.09 4334.59 870.47 3483.85 417.07 
          
TOL Time 17363.18 5053.08 13666.42 5287.04 16579.13 4868.27 13444.25 3932.70 
          
Stroop Time D 69.57
 
34.81 48.76 19.84 67.50 22.90 51.89 21.62 
          
Stroop D Errors 8.48 9.43 8.00 10.17 5.21 6.84 7.67 11.20 
          
Stroop Time W 62.94 23.70 45.07 23.06 58.64 20.31 48.84 24.85 
          
Stroop W Errors* 8.88 10.43 7.48 8.32 3.74 6.77 8.61 13.66 
          
Stroop Time C 64.89 27.79 53.22 20.14 71.33 29.75 53.60 23.02 
          
Stroop C Errors 10.44 13.08 11.68 15.56 5.00 6.04 9.17 12.19 
          
Corsi Span 4.72 0.98 4.52 1.01 5.04 0.69 5.25 1.26 
          
Trails A Time 20448.00 9682.50 18612.96 4880.75 17740.75 4308.84 17228.17 3112.81 
          
Trails A Clicks 22.00 3.23 22.12 4.37 20.50 3.15 21.75 3.86 
          
3
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Cognitive Measure Day 1 Exercise Day 2 Exercise Day 1 Control Day 2 Control 
  Mean SD Mean SD Mean SD Mean SD 
Trails B Time 31097.48 15174.91 24546.44 7614.72 26497.50 10280.17 23993.75 12250.99 
 
Trails B Clicks 
 
22.96 
 
4.61 
 
22.84 
 
5.44 
 
21.12 
 
3.48 
 
22.00 
 
4.22 
NOTE:  * indicates significant treatment group x session interaction
4
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CHAPTER V 
DISCUSSION 
 
 
 Research into the effects an acute bout of exercise ha  on cognitive performance 
has primarily focused on aerobic exercise and on adult samples (Etnier, Salazar, Landers, 
Petruzzello, Han, & Nowell, 1997, Lambourne & Tomporowski, 2010, Chang, Labban, 
Gapin, & Etnier, 2012).  While research on resistance exercise and its relationship to 
cognitive performance is limited, positive results have been identified in the few studies 
utilizing this mode of physical activity with adults (Chang & Etnier, 2008, Chang, Ku, 
Tomporowski, Chen, & Huang, 2012, Chang & Etnier, 2009).  Similar to adults, younger 
samples have been shown to experience cognitive benfits following aerobic exercise 
(Tomporowski, 2003, Hillman, Pontifex, Raine, Castelli, Hall, & Kramer, 2009, Pesce, 
Crova, Cereatti, Casella, & Belluci, 2009, Ellemberg & St-Louise-Deschenes, 2010).  
Largely because safety concerns have prevented research on the ways in which acute 
resistance exercise can benefit cognition in younger samples (Behm, Faigenbaum, Falk & 
Klentrou, 2008), it is unclear what the relationship between resistance exercise and 
cognitive performance may be for children.  Based on the existing body of research, it 
was the purpose of this study to identify the effect an acute bout of resistance exercise has 
on the cognitive performance of a preadolescent sample.  
 In this study, a resistance exercise session consisting of seven exercises 
encompassing all major muscle groups was created in order to determine the effect this
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 mode of physical activity has on the cognitive performance of a preadolescent 
population.  Participants completed all of the cognitive tests at a baseline session and then 
again during a post-test session.  In the control group at the post-test, participants 
completed four cognitive tasks measuring task switching, problem solving, inhibition, 
processing speed, working memory, and visual attention immediately before participating 
in the resistance exercise session.  The exercise group completed the same cognitive tasks 
immediately following the resistance exercise session at the post-test.   
 Regardless of the randomly assigned condition participants were placed in, 
control or treatment, learning effects did occur.  Learning effects were defined within this 
study as increased performance during the completion of post-test and these 
improvements were likely due to familiarity and skill gained during the pre-testing 
session.  The length of time between initially completing a cognitive task and taking it 
again during post-test can often determine the degree to which learning effects will affect 
the outcome, and it usually agreed that the more tim here is between tests, the weaker 
the strength of the learning effects will be.   The time between baseline and post-testing 
was at least two weeks in this study, and we anticipated that this length of time would 
diminish the strength of potential learning effects.  However, given the observed 
improvements in performance on all tasks, it is evid nt that participants were able to 
complete the cognitive tasks more efficiently during post-testing than during baseline.  It 
is likely that these learning effects overshadowed the effects of the resistance exercise on 
cognitive performance and, hence, were a contributing factor to the lack of significance 
identified within the majority of the cognitive tasks.   
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 A significant difference was identified between groups for Stroop W Errors, 
indicating that participants in the control group made significantly more errors from 
baseline to post-test, while participants in the treatment group made fewer errors from 
baseline to post-test.  A main effect was identified or completion time, or overall speed, 
for both the control group and the exercise group from baseline to post-test with both 
groups showing improvements.  However, while the exrcise group saw a slight decrease 
in errors made during Stroop W, the control group ex erienced a significant increase in 
errors made from baseline to post-test.  Therefore, data suggests that while both groups 
showed improvements in processing speed, only the exercise group was able to maintain 
and even increase their accuracy and attentiveness from baseline to post-test on the 
Stroop W while also experiencing an improvement in speed of performance.  These 
findings indicate that while familiarity with a task increased speed to completion at the 
expense of accuracy, resistance exercise may be an effective way of helping children to 
improve speed while maintaining both precision and ttentiveness.   Although the 
findings for Stroop W Error provide some limited support for the hypothesis that a single 
session of resistance exercise will have a positive effect on cognitive performance of a 
preadolescent sample, the hypothesis was not supported f r the other cognitive outcomes. 
 Meta-analyses have determined that aerobic exercise consistently results in 
improvements in various components of cognitive performance in all age groups (Etnier, 
Salazar, Landers, Petruzzello, Han, & Nowell, 1997, Lambourne & Tomporowski, 2010) 
and research on resistance exercise and cognition (previously discussed) suggests that 
this mode of exercise can have a positive effect on certain domains of cognitive 
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performance in adult samples as well.  Considering aerobic exercise has been shown to 
improve cognitive performance in children and adults, and that resistance exercise has 
been shown to improve cognitive performance in adults, it appears likely that resistance 
exercise would improve cognitive performance in a preadolescent sample.  Considering 
no research currently exists examining the relationship between resistance exercise and 
cognitive performance in preadolescents, the design of this study was established based 
on the existing research using adult samples.   
 There are several studies that have shown beneficial effects of resistance exercise 
on cognitive performance.  Although the subjects in all of these studies were adults, these 
studies are similar to this study in that many aspects of the designs, including mode of 
exercise, duration of exercise session, delay prior to cognitive testing, and time testing 
occurred are the same. Chang and Etnier (2008) determin d that processing speed 
significantly increased following an acute bout of resistance exercise.  While the design 
of Chang and Etnier (2008) was similar to this study in mode of exercise and cognitive 
tasks used, the sample was considerably older, 49.1 years old, and the duration of the 
resistance exercise session was longer, 45 minutes.  Furthermore, since the sample tested 
were adults with no restrictions on intensity of exercise, it is likely that the significance 
identified within Chang and Etnier (2008) that was not identified within the preadolescent 
sample may have been due to the intensity being too low for an effect to be seen in this 
study.   
Chang and Etnier (2009) identified a dose response relationship between 
resistance exercise and basic information processing, that is as intensity increased, so did 
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cognitive performance.  Chang and Etnier also determined that for attention and more 
advanced processing the intensity that yields the most significant results is moderate.   In 
addition, the findings within Chang and Etnier (2009) are similar to the identified 
interaction effect within the Stroop W Errors, suggesting that this specific mode, intensity 
and duration of exercise may benefit attention and various levels of processing in all age 
ranges, including preadolescence.  However, althoug the intensity was prescribed to be 
moderate, it is likely that the actual intensity used within this study was low-moderate 
due to the safety concerns that arise when preadolescents perform resistance exercises at 
too high of an intensity.  Pontifex et al. (2009) conducted a study using an older sample, 
(M=20.2) and determined that no significant effect xists for working memory following 
a 30 minute bout of resistance exercise.  However, th  intensity of the resistance exercise 
was slightly greater, high-moderate, and the duration of the session was similar to that 
used in this study. 
Based on the Chang et al. (2012) meta-analysis, this s udy was designed in a way 
to maximize effect size while working within the constraints of the available resources.  
The ideal duration for an exercise session is mixed as some research has seen positive 
findings with an 11 to 20-minute session while others have identified that a longer 
duration leads to greater effect sizes.  In accordance with the findings of previous 
research along with the availability of participants, a 25-minute resistance exercise 
session was used.  The time of day that testing occurs was also taken into account within 
the design of this study as research has shown that cognitive performance tends to be 
better following exercise when taking place in the morning.  For this reason, all 
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participants were tested in the morning, prior to lunch during their normal school day.  
The delay taking place between the exercise session and cognitive tasks was also taken 
into account within the design of the study.  Since a 1-15 minute delay has been 
identified as resulting in the greatest effect size within meta-analytic reviews, participants 
within the study had a short delay of approximately 1-3 minutes between exercise and 
cognitive testing in order to maximize effect size.  The final major moderator taken into 
account within the design of this study is intensity.  Previous research has identified 
mixed results as to what intensity yields the greatest effects sizes, with most studies 
finding the best results with moderate to vigorous.  In order to maximize effect size 
within the study while following the safety guidelines put into place by the ACSM the 
intensity chosen was moderate.  Unfortunately, thoug  the intensity prescribed was 
moderate, the actual intensity of the resistance exercise sessions may have been slightly 
lower as a way to err on the side of caution while the preadolescent sample was 
performing the resistance exercises as a way to prevent injury.  Furthermore, while 
ratings of perceived exertion were used as way to monitor intensity in addition to the 
prescribed weights, it was apparent that due to the group setting of the exercise social 
influence among participants made the ratings of perceived exertion unusable.   
Limitations 
One factor that may have impacted results in regards to the design of the study is 
the duration of each resistance exercise session.  As discussed above the resistance 
exercise sessions were approximately 25 minutes long, and while all of the exercises 
were completed within this time frame, sessions did seem rushed at times.  While some 
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of the existing studies utilizing resistance exercise as a way to impact cognitive 
performance have sessions of a similar length, approximately 25 minutes, others using 
differing modes have designs allowing for slightly longer exercise sessions. It should be 
noted that these findings come from meta-analytic reviews looking at both aerobic and 
resistance exercise sessions making it difficult to identify the ideal duration to be used for 
a resistance exercise session in a preadolescent sample.  The length of time for the 
resistance exercise sessions within this study werechosen based on existing research 
(previously discussed) and the availability of the participants.  Access to participants was 
limited to their 45 minute physical education class, and 20 minutes were necessary for the 
cognitive testing leaving 25 for the resistance exercis  session.  It is possible that with 
more time for the resistance exercise session, additional exercises and/or sets could have 
been added, potentially increasing the effect and flling in line with the slightly longer  
exercise sessions that have identified improvements in cognitive performance (Chang & 
Etnier, 2008).      
In conjunction with the time restrictions for the resistance exercise session the 
size of the groups during the sessions may have been a factor as well.  Due to the limited 
access and time to the participants, the group size during the resistance exercise was 
approximately 9 subjects per researcher.  While resarch has shown that both individual 
and group exercise can result in improved cognitive performance, a group this size 
consisting of preadolescents may have had a negativ impact on efficiency of the exercise 
session.  Though researchers were able to keep partici nts on track while completing the 
exercises, directions needed to be repeated often to make sure participation did not 
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diminish as socializing among participants was quite h gh.  This irregular participation 
may have had a negative impact on the effort put forth by participation during the 
exercise session, potentially decreasing the effect. 
Future Directions and Implications 
Given the lack of current research exploring the eff ct of resistance exercise on 
cognitive performance, future research is warranted despite the lack of statistical 
significance within this study.  While it is recommended for preadolescent samples to 
exercise at no greater than a moderate intensity (Behm, Faigenbaum, Falk, Klentrou, 
2008), a design in which levels of intensity are different among groups may result in a 
better understanding of dose-response relationships between resistance exercise intensity 
and cognitive performance.  For this reason, it is important to determine the appropriate 
dose of exercise necessary for preadolescents, not only in terms of intensity but in regards 
to duration as well.  Since so little research exists in regards to resistance exercise in 
preadolescent samples, it is possible that what has been established as an effective dose 
of exercise for adult samples may not be the same within younger subjects.  Other factors 
that that should be taken into account in future research are the location of the testing and 
the researcher to participant ratio.  While resistance exercise and cognitive tasks were 
administered in a group setting in this study, a greater effect may be identifiable in a 
smaller laboratory setting rather than in a school classroom or gymnasium.  Additionally, 
it is likely that a smaller researcher to participant ratio in a laboratory may decrease social 
interactions and comparisons while increasing intrinsic motivation. Furthermore, future 
research must use a design that minimizes learning effects, such as a design that does 
 
 
50 
 
look at change over time but rather differences betwe n groups only.  Without a way to 
understand the degree to which learning effects have impacted outcomes, it becomes 
unclear as to what the relationship between resistance exercise and cognitive performance 
may be.     
Conclusion 
 The purpose for performing this study was to explore the effects an acute bout of 
resistance exercise has on the cognitive performance of a preadolescent population.  The 
findings from this study suggest that an acute bout of resistance exercise may increase 
processing speed and inhibition in preadolescents, though results are only marginally 
supportive of this conclusion.  Findings also suggest that an acute bout of resistance 
exercise does not impact task switching, problem solving, working memory, and visual 
attention in preadolescents.   
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